Vanadium fluorides with novel crystal-chemical features and interesting physical properties can be prepared by solvothermal synthetic routes. The title compound, guanidinium hexafluoridovanadate(III), has a cubic structure (space group Pa3), exhibiting isolated regular VF 6 octahedral units, which are hydrogen bonded to protonated guanidinium moieties. Although the VF 6 octahedral units are not linked directly together, there are structural similarities between this crystal structure and those of the wider family of perovskite materials, in particular, hybrid perovskites based on extended ligands such as cyanide. In this context, the octahedral tilt system of the present compound is of interest and demonstrates that unusual tilt systems can be mediated via 'molecular' linkers which allow only supramolecular rather than covalent interactions.
Introduction
Solvothermal synthetic routes to vanadium fluorides have proved fruitful in preparing new compounds with novel crystal-chemical features and interesting physical properties. In some of our recent work, we have prepared vanadium fluorides and oxyfluorides exhibiting vanadium in the oxidation states +3, +4 and +5, and also mixed-valence systems, with vanadium typically in an octahedral coordination. The VF 6 or VOF 5 octahedral units may be linked into structures of varying dimensionality, for example, oligomeric units, chains or layer structures (Aldous et al., 2007; Aidoudi et al., 2014a,b) . Here we present a novel vanadium(III) fluoride, namely (CN 3 H 6 ) 3 [VF 6 ], containing discrete VF 6 octahedral units, linked via hydrogen-bonded guanidinium cations into a cubic supramolecular array which has similarities to the perovskite structural family.
Experimental

Synthesis and crystallization
The title compound was prepared solvothermally. V 2 O 5 (1 mmol, 0.182 g) and guanidinium carbonate (0.5 mmol, 0.091 g) were dissolved in 0.5 ml 48% HF (aqueous). A 5:3 ratio of water (2.5 ml) and ethylene glycol (1.5 ml) was added. The mixture was heated in a sealed Teflon-lined stainless steel autoclave at 433 K for 72 h. The product was clearly inhomogenous, both to the naked eye and according to powder X-ray diffraction, but green crystals of the minor ($5%) product could be isolated and analysed. The majority product was a darker coloured unidentified material. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were located in Fourier maps and refined isotropically.
Results and discussion
(CN 3 H 6 ) 3 [VF 6 ] crystallizes in the cubic space group Pa3. There are two vanadium sites in the asymmetric unit; although crystallographically distinct, there are no chemically significant differences, both adopting a regular octahedral environment with six equivalent F ligands [V1-F1 = 1.9461 (15) Å and V2-F2 = 1.9448 (15) Å ]. Bond-valence analysis (Brese & O'Keeffe, 1991) supports the assertion that vanadium is trivalent (bond-valence sums of 3.10 and 3.11 for V1 and V2, respectively). The vanadium octahedra lie at the corners, body-centre, edge-centres and face-centres of the cubic unit cell, thus defining eight 'mini-cube' subcells. Protonated guanidinium cations, (CN 3 H 6 ) + , are located at the approximate face-centres of each of these minicubes ( Fig. 1) and are positionally ordered, such that they display an 'up-down' alternation along each principal crystallographic axis. All six N-H bonds act as hydrogen-bond donors to neighbouring fluoride ions (Fig. 2) .
The resulting structure is reminiscent of the well-known perovskite family, ABX 3 , which consists of an infinite cubic array of corner-linked BX 6 octahedra encapsulating a large cation, A, at the 'body-centre' position of the resulting cube. In this case, however, there are no direct covalent linkages between neighbouring octahedra, but there are co-operative interactions mediated by the hydrogen-bonded guanidinium cations. Another significant difference is that a guanidinium cation resides on each of the faces of the minicubes, not at the centres, hence leading to a 3:1 A:B ('A 3 BX 6 ') rather than a 1:1 stoichiometry, and also leaving a large void space at the cubecentre in the present case. The SQUEEZE option in PLATON (Spek, 2015) suggests a solvent-accessible void volume of 340 Å 3 , but only a very minor disordered electron density ($2.5 electrons per formula unit). We note that a 3:1 stoichiometry, A 3 BX 6 , already exists in perovskite crystallography, in the cation-ordered cryolite-type structure; for Computer programs: CrystalClear-SM Expert (Rigaku, 2014) , SHELXL2014 (Sheldrick, 2015), DIAMOND (Brandenburg, 2009) and WinGX (Farrugia, 2012) .
Figure 2
The hydrogen bonding of the guanidinium cations to the VF 6 octahedra.
[Symmetry codes:
The crystal packing of (CN 3 H 6 ) 3 [VF 6 ], viewed along the [100] direction. VF 6 moieties are shown as filled octahedra.
example, Na 3 VF 6 adopts this structure type, where Na fills 50% of the B sites, in an ordered arrangement, in addition to all of the A sites (Alter & Hoppe, 1975) . The present structure type is very different, despite the similar stoichiometry.
A key characteristic of perovskite crystallography is the cooperative 'tilting' of octahedral BX 6 units (Glazer, 1972; Woodward, 1997) . The rigid connectivity in conventional perovskites means that tilting of one octahedron dictates tilting, in the opposite sense, of all directly linked octahedra within a plane perpendicular to the tilt axis. However, new families of 'hybrid' perovskites have recently been described, which are based on extended polyatomic (rather than monatomic) bridging ligands, such as azide, cyanide or dicyanometallate (Du et al., 2014; Duycker et al., 2016; Hill et al., 2016) . This provides enhanced flexibility of the BX 6 framework, and allows tilt patterns that are 'forbidden' in conventional perovskites. (Du et al., 2014) both display a pattern of tilts in which 'columns' of adjacent linked octahedra tilt 'inphase', in a direction perpendicular to the tilt axis ( Fig. 3) . As can be seen from Fig. 1 , the title compound exhibits exactly the same tilt pattern as these previously reported fully-connected perovskites, but, in this case, the co-operative tilting is mediated via the hydrogen-bonded counter-cations, not directly by covalent linkers. In each of these three compounds, the resultant space group is Pa3. In the case of (NMe 4 ) 2 -[FeK(N 3 ) 6 ], the crystal transforms to a higher symmetry parent, i.e. Fm3m, at higher temperature, due to disordering of both the tilts and the A-site cation; the unit-cell size is retained, however, due to the ordered cation arrangement at the B sites. In the present case, the parent phase could be envisioned to have a unit cell with a p = a/2, and a space group Pm3m if the tilting is lost and the guanidinium cations are allowed to disorder. Hence, the 'doubled' unit-cell parameter of the observed structure is caused by the simultaneous, and apparently co-operative, ordering of the guanidinium cations and the octahedral tilting pattern. Hill et al. (2016) have recognised the potential for more complex 'forbidden' tilts in hybrid perovskites, and have formulated means of describing these systems, which necessarily goes beyond the well-established Glazer system (Glazer, 1972) . It is likely that such a system could be adapted further to incorporate examples such as the present one, whereby the possible additional degrees of freedom, provided through using only noncovalent co-operativity between octahedral units, are introduced.
Figure 3
The crystal packing of (NMe 4 ) 2 [FeK(N 3 ) 6 ]. Arrows show the relative direction of rotation of linked octahedra. Note that within each 'column' of octahedra along the a axis, the octahedra rotate in the same sense; this is impossible in conventional perovskites. NMe 4 + cations are not shown. (Rigaku, 2014) ; cell refinement: CrystalClear-SM Expert (Rigaku, 2014) ; data reduction: CrystalClear-SM Expert (Rigaku, 2014) ; program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015); molecular graphics: DIAMOND (Brandenburg, 2009) ; software used to prepare material for publication: WinGX (Farrugia, 2012) .
Triguanidinium hexafluoridovanadate(III)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq V1 0.0000 0.0000 0.0000 0.0124 (5) (3) 
